Purpose: The purpose of this study was to investigate the frequency and risk factors of procedure-related thromboembolism on diffusion-weighted imaging (DWI) associated with aneurysmal coil embolization.
Since the novel endovascular approach for the intracranial aneurysms were introduced [1, 2] , coil embolization plays an important role in treatment of cerebral aneurysms. The recent development of many devices and technique significantly improved the outcome of endovascular treatment of intracranial aneurysms, but the thromboembolic events still remain one of the most frequent and serious complications of coil embolization. The incidence of thromboembolic events resulting from conventional [3] [4] [5] [6] [7] [8] and device assisted [8] [9] [10] coil embolization procedures is well established. However, those data were based on clinical and angiographic findings. Since the usefulness of diffusion-weighted imaging (DWI) immediate after the coil embolization of the aneurysms for detection of ischemic lesions was proposed [3] , it has been well known that multiple small silent lesions can be observed on postoperative DWI after coil embolization [6, 7, 9, 10] . While the frequency of the symptomatic territorial ischemic lesions and multiple scattered microembolism was evaluated in several small and a large series, the possible risk factors associated ischemic lesions after coil embolization of the intracranial aneurysms have not been fully analyzed. Some possible risk factors have been proposed. However, it was a retrospective study [10] or small prospective study limiting to unruptured aneurysms [6] . Therefore, we tried to evaluate whether any demographic, anatomic or technical factors contributed to an increased risk of thromboembolic events during these procedures in prospective series.
MATERIALS AND METHODS

Patients Population
We prospectively evaluated 39 consecutive patients with a cerebral aneurysm with DWI after coil embolization. Informed consent was obtained from all patients and legal representative. Eleven patients were male and 28 were female. The patients' ages ranged from 36 to 80 years (mean: 56.8 years, median: 56 years, standard deviation (SD): 11.7 years). Thirty-two aneurysms were located in the anterior circulation (posterior communicating artery-internal carotid artery junction, n=14; anterior communicating artery (AcomA), n=9; internal carotid artery-paraclinoid/ paraophthalmic segment, n=5; middle cerebral artery (MCA), n=3; internal carotid artery bifurcation, n=1) and seven were in the posterior circulation (vertebral artery, n=4; top of the basilar artery, n=3). Thirty aneurysms were small (<10 mm) and nine were large (10-25 mm). Except for the twelve aneurysms located on the midline, 15 lesions were on the right side and twelve were on the left. Twenty-six patients presented with acute subarachnoid hemorrhage (Hunt and Hess  grade I, n=1; grade II, n=14; grade III, n=9; grade IV,  n=1 ; grade V, n=1). The Fisher grade [11] was distributed as follows: Fisher grades Ⅰ, Ⅱ, Ⅲ, and Ⅳ in 15 (38.5%), 7 (17.9%), 13 (33.3%), and 4 (10.3%) cases, respectively.
Embolization Procedure
Thirty-nine endovascular procedures were performed in 39 patients with one aneurysm each.
In all cases, cerebral angiography was performed by using a standard transfemoral approach to evaluate the morphologic features of the aneurysm, its anatomic relationship to parent artery and the presence of collateral circulation before the procedure.
Twenty patients had general anesthesia and 19 procedures were conducted with the patient under intravenous sedation. After gaining arterial access and placement of a 6F guiding catheter, patients received an intravenous bolus of 100 IU/kg heparin followed by continuous infusion of 1,000 IU/hr to keep the activated clotting time at approximately at 2-2.5 times the baseline. In selected cases, heparinization was continued for up to 24 hours with a target partial thromboplastin time of 60 to 90 seconds. In most patients with ruptured aneurysms, systemic heparinization was withheld or delayed until after successful placement of one or more coils. In all patients, the pressurized flush with 3,000 IU heparin/L saline for the guiding catheter and microcatheter was maintained and closely monitored for its fast drip. After control angiography for a working projection, the microcatheter was introduced through the guiding catheter and navigated into the aneurysm by using a fluoroscopic road map. Then, coil embolization was performed under fluoroscopic guidance using standard techniques. In the cases of wide-neck aneurysms, various techniques were required as a balloon remodeling in two patients, double catheter technique in two patients, and stent assisted embolization in one patient.
Serial angiographic runs were performed after placement of each coil or two, and at the final stage of the procedure to assess the degree of aneurysm obliteration, patency of parent artery, and thromboembolism. Thrombus or emboli, if present, were treated with fibrinolytic agents at the discretion of the surgeon. Antiplatelet agents were prescribed to selected patients with unruptured aneurysm as 100 mg aspirin plus 75 mg clopidogrel for three days prior to the procedure and for one month thereafter.
Post Procedural Clinical and Radiological Assessment
The degree of aneurysmal occlusion was classified as complete occlusion (no filling of aneurysm), nearly complete occlusion (minor contrast filling of aneurysm or small neck remnant), or partial occlusion. Each patient underwent a neurologic examination before, immediately after treatment, and during hospitalization.
All patients underwent postprocedural MRI within 48 hours postoperatively, which includes axial T1-weighted, T2-weighted, fluid-attenuated inversion recovery and DWI. The parameters of the DWI were as follows: b values, 0 and 1,000 s/mm 2 ; TR/TE, 10,000/ 92.50; matrix, 128×128; field of view, 19×19 cm; section thickness, 7 mm; and intersection gap, 0 mm. If hyperacute ischemic lesions on DWI were noticed, the apparent diffusion coefficient (ADC) values in the corresponding region were correlated with the findings. Then, we identified the size, the numbers, and location of the lesions including vascular territories. All hyperintense lesions on DWI with a drop of ADC values were classified into acute thromboembolic infarction (larger than 5 mm in maximal diameters, and located in the vascular territory of the parent artery) and silent microembolism (single or multiple tiny dotlike lesion, less than 5 mm, usually 1-2 mm in size, Fig. 1 ).
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Statistical analysis
Univariate associations were assessed with frequency tables, Pearson's χ 2 tests for two independent proportions and linear by linear association for three or more independent proportions. Means were compared through the use of t-tests. Univariate odds ratio and 95% confidence interval was calculated to assess predictors of thromboembolic event in aneurysmal coiling procedures. Logistic regression was not performed because of the small sample size and the lack of multiple significant variables. SPSS (SPSS Version 17.0 for Windows, SPSS Inc., Chicago, IL, USA) was used for all analyses.
RESULTS
Complete obliteration, near-complete occlusion, and partial occlusion of the aneurysms were achieved in 24 (61.5%), 11 (28.2%), and 4 (10.3%) patients, respectively. Two aneurysms ruptured during procedures due to microcatheter or coil penetration outside the aneurysms, all of which resulted in a minimal leak without clinical worsening. Hyperintense lesions on DWI were seen in 17 (43.6%) patients and symptomatic DWI positive lesions were four (10.3%). Acute thromboembolic infarction was observed in seven (17.9%) patients and silent microembolism in 14 (35.9%) patients. Among them, four patients had acute thromboembolic infarction and silent microembolism simultaneously. All microembolism were asymptomatic whereas four of seven acute thromboembolic infarction had clinical symptoms corresponding the ischemic lesions. In one patient with a ruptured posterior communicating artery aneurysm, intraprocedural thrombus developed in M3 branch and immediately resolved with 100,000 IU of intra-arterial urokinase. However, the patient had 47 mm sized hyperintense lesion in ipsilateral MCA territory on postoperative DWI with mild deficit at discharge. In two patients with ruptured vertebral dissection, sacrifice of the parent artery was inevitable resulting in lateral medullary infarction in both cases. Postprocedural DWI revealed a hyperintense lesion on lateral medulla in each patient and they suffered from transient lateral medullary syndrome. The other patient with a ruptured AcomA aneurysm had bilateral anterior cerebral artery (ACA) territory infarction on postoperative DWI, however, it appeared to be strongly related to vasospasm.
Numbers of silent microembolism ranged from 1 to 15 (mean: 2.86, median: 1, SD: 3.74). Silent microembolisms were located at ipsilateral (n= 3, 21.4%), contralateral (n=5, 35.7%), bilateral (n=4, 28.6%), and not related (n=2, 14.3%) to the procedure site ( Table 2 lists the demographic and clinical characteristics of the patients with silent microembolisms on DWI and the control group. Both groups were comparable in terms of demographic data, and the aneurysmal anatomic factors, and procedural factors. The other possible risk factors including vascular risk factors, aneurysmal factors and procedural factors were not associated with the occurrence of silent microembolisms (Table 2) .
DISCUSSION
Although the ischemic events related to aneurysm coiling have been markedly decreased during last two decades, endovascular surgeons cannot exclude the possibility of encountering thromboembolic events either during or after an uneventful embolization procedure. The prevalence of thromboembolic complications, including transient ischemic attack (TIA) and stroke in early period of endovascular therapy, had been varied to be between 2.5% [12] to 21% [13] . As experience accumulated and the heparinization during and after the procedures became routine, these reported rates of TIA and stroke have decreased. However, the reported data only included thromboembolic ischemia with symptomatic and angiographically proven one.
Since the feasibility and the usefulness of DWI to detect ischemic brain changes in patients who had undergone endovascular treatment for an aneurysm have been proposed [3] , frequency of thromboembolic events after aneurysmal coiling, even subclinical ones, can be estimated. Pelz et al. [5] have suggested that thromboembolic events related to aneurysmal embolization treatment may be more common than what has been reported in the literature. Several studies have been conducted to show the occurrence of postprocedural thromboembolic events after coil embolization using DWI for detecting early and small ischemic lesions [8] . These studies revealed that the incidence of procedure-related ischemic lesions on DWI were more frequent than expected, occurring in 10~69% [3, [6] [7] [8] [9] [10] , and resulting in 5~26.9% of ischemic stroke with neurologic deficits [4, 5, 7] . Surprisingly, most of the DWI positive lesions were asymptomatic multiple microemboli. These results represent that absence of newly onset symptom after coil embolization does not mean perfect procedures without thromboembolic complications, thereby reawakening interest in the risk factors associated with these microemboli during endovascular procedures dealing with aneurysms for safer neurointervention [8] .
There are many possible sources for embolic events during embolization treatment of cerebral aneurysms, including friable plaques and iatrogenic dissection in the parent vessels, air bubbles, and thrombus or fresh clots within aneurysms and catheters [5-7, 12, 14] . Mechanisms and risk factors of thrombus formation in a proximal arterial branch in which usually resulted in territorial infarction and need intraarterial thrombolysis have been reported as the partially thrombosed aneurysm in wide-necked aneurysm [3, 12] , complications related to technical difficulties [12] , thrombus formation from the catheter or guidewire, or herniation of the coils into the parent vessel [8] . There is a debate on whether procedures requiring adjunctive devices lead to an increased frequency of thromboembolic complications [7, 9, [15] [16] [17] .
Review of literatures proposed the risk factors for symptomatic and asymptomatic abnormal signal on DWI as low levels of anticoagulation [5] , distal emboli from initial catheterization or from clot at the aneurysmal neck [3, 5, 7] , larger aneurysm diameter [4, 8] , and protruding loops of coils [4] . Use of adjunctive device such as balloon or complex procedure such as a double catheter technique had been reported to be associated with an increased risk of thromboembolic complication in several reports [5, 7, 8] , whereas in other reports showed the results that use of the balloon or other adjunctive device did not increase the risk of thromboembolism [6, 9, 10] .
In our prospective study, the risk of thromboembolic events during the treatment of intracranial aneurysms in patients with vascular risk factors was not more significant than those without risk factors. Aneurysmal anatomic and other procedural factors were not associated with an increased incidence of silent or symptomatic ischemia. The only variables found to influence this risk of silent multiple scattered microembolism during coil embolization was left side of approach via left common carotid artery and left vertebral artery. However, the observation of high incidence of microembolism after left side procedures does not mean that silent multiple microembolism is more frequent in left side hemisphere. It is very interesting that 79.6% of asymptomatic emboli were distributed contralateral, bilateral or not related to the procedural side given that all cases of symptomatic territorial infarction (n=4) were distributed ipsilateral to the side of procedure corresponding the vascular territories of parent artery. Multiple microembolisms directly related to the procedure itself distal to the aneurysm were only found in 21.4%. It is well known that multiple hyperintense lesions on DWI after coil embolization of the aneurysms were not always corresponding the vascular territory of the aneurysm's parent artery [3, 8] . Even though the possibility existed that microembolism might be originated from collateral flow from nontargeted vessels [8] , the authors speculated that asymptomatic multiple microembolism might appear to be originated from the atherosclerotic plaques scraped off the aortic arch or great vessel wall by catheter manipulation [7] , and left common carotid artery and left vertebral artery seem to be prone to risk of these complication due to the fact that left side great vessels, especially in left common carotid artery, are usually more difficult to probe because of its acute angle to the aortic arch. Although diagnostic angiography carries a very low risk (0.07%) for developing permanent cerebrovascular complication [18] , 17 in 66 (25.8%) patients underwent diagnostic angiography showed DWI positive lesions in a pattern consistent with embolic events [14] . It is quiet difficult to conclude which step of the procedure-diagnostic angiography, initial guiding catheter manipulation, and coiling procedure-may play a role for most for thromboembolic events. Radiologic findings from this study suggest that most microembolism seems to be originated from proximal level of vasculatures at least below the superselection of the microcatheters. On the contrary, source of acute territorial thromboembolic infarction caused by fresh thrombus formation might be closely related to the coiling procedure itself.
This study has a limitation of small series compared to many variables and lack of preoperative control MRI. Nevertheless, it is a prospective study with consecutive patients dealing with new variables which have not been studied well in previous literatures. This is the first report to indicate that left side approach might increase the incidence of asymptomatic microembolism on DWI during aneurysmal occlusion by endovascular means. DWI appears to be the most sensitive technique for acute thromboembolic events after coil embolization and seems to offer the ability to identify early progression of ischemic injury even if the patient has no symptom. Left side approach may have increased the likelihood of asymptomatic multiple scattered microemboli after aneurysmal coiling procedures. Particular care must be taken in the handling of guiding catheters, especially when proving left side great vessels from aortic arch. Further study is needed to evaluate the risk factors in a larger series.
